examined the mine and discovered that a 500-by 500-foot section of shale ceiling rock had collapsed some 1,200 feet below land surface, in the southern part of the mine. Methane and hydrogen sulfide gases were escaping, and ground water was flowing from the collapsed ceiling into the room. The mine, which had been in operation since 1885, had always been dry previously. This initial collapse was followed by another collapse and complete flooding of the mine, large ground-water level declines, and land-surface subsidence that affected many structures, roads, and utilities in this part of the Genesee Valley. 
History of the Mine
The Retsof Mine was founded in 1885 as a vertical shaft was excavated to a layer of rock salt about 900 feet below land surface. During the next 110 years, this mine became the largest salt-producing mine in North America and the second largest in the world. Before the collapse in March 1994, the mine encompassed an underground area of more than 6,000 acres nearly 10 square miles.
During the 17 months following the initial collapse, mining operations were shifted to the northern part of the mine in an attempt to salvage mineable salt before the entire mine became flooded. Mining operations ceased on September 2, 1995, and the mine was completely flooded by December of that year, 21 months after the initial collapse. The principal aquifer system in the Genesee Valley is confined below the lacustrine (lake) deposits. A 10-foot-thick sand and gravel aquifer lies just below the lacustrine deposits, and a 10-to 40-footthick basal sand and gravel aquifer directly overlies the Hamilton Group shales in the southern part of the valley and the Onondaga Limestone in the central and northern parts. The hydraulic connection between the basal aquifer and the underlying bedrock units throughout the valley is poorly documented but is probably greatest in the northern half of the valley. The basal sand and gravel aquifer and water-bearing fractures in the Onondaga and Bertie Limestone bedrock are the major sources of ground water that flooded the Retsof Mine.
Hydrogeology of the Genesee Valley

South Shallow aquifer
Glacial deposits Water from the basal aquifer entered the mine through the collapsed area.
Hydrogeologic Effects of the Collapse
The hydrogeologic effects of the mine collapse and the subsequent dewatering of overlying aquifers in the valley include, but are not limited to: (1) the loss of potable ground-water supplies through lowered water levels in wells, (2) short-and long-term land subsidence, and (3) impaired air quality as a result of the release of methane and hydrogen sulfide gases.
Ground-water level declines After the mine collapse, water levels declined in several domestic wells along the edges of the Genesee Valley, and in wells that tapped the deeper aquifers. Shallow wells that tapped the unconfined alluvial aquifer were unaffected. The rate of water-level decline varied locally; for example, water levels declined 20 feet or more along Wheelock Road (about 1 mile south of Cuylerville) within 5 days of the collapse, a decline of more than 100 feet was reported in one well in Mt. Morris during the next 2 months, and declines of 50 feet or more were reported in the Fowlerville area during the next 6 months. The largest water-level decline greater than 400 feet was reported near the mine-collapse area. The loss of water from the basal aquifer to the mine affected water levels within 10 miles north and south of the collapse area.
Subsidence Land subsidence caused by the collapse has resulted in the formation of two large (about 200 feet wide and 50 feet deep) sinkholes and the collapse of the State Route 20A bridge near Cuylerville. Several homes and barns, as well as agricultural lands and public utilities, were damaged by subsidence. In addition to the formation of 2 large sinkholes above the mine's southern end as a direct consequence of the March and April 1994 collapses, subsidence from three other causes has occurred in the valley: 1. Subsidence due to the slow but steady closure of the mine opening. This process generally occurs above any mined-out area, and mining engineers expect the land surface above the Retsof Mine to subside 8 to 9 feet over the next century or two. Differential (nonuniform) subsidence is expected along the margins of the mine, where stresses from adjacent subsidence may create enough tension to rupture the subsurface or surface. Horizontal movement and tilting of the land surface in the direction of the mine also can be expected in these areas. These areas may continue to be prone to structural damage over time. 2. Subsidence due to the dissolution of remaining salt. Engineering reports indicate that the magnitude of subsidence in the area of rapid freshwater inflow to the mine was greater than expected, and that the rate of subsidence was much greater than would be seen in a dry-mine situation. This type of subsidence, although rapid, progressed only in the area of freshwater inflow. Once the mine was filled with saturated saltwater, no new freshwater entered, and all subsidence of this type quickly decreased. 3. Subsidence due to the rapid lowering of ground-water levels in the principal aquifer, followed by a slow recovery. This type of subsidence is due to the compaction of finegrained layers generally within the confined aquifer below the lacustrine unit as ground water is drained, causing the removal of buoyant support between the individual silt and clay particles. Although this process caused a much smaller degree of land subsidence than the previously mentioned processes, the large declines in ground-water levels after the collapse were enough to cause some measurable elastic and inelastic compaction (consolidation) of the sediments, and this compaction resulted in small-scale land subsidence within an area larger than the underlying mine. This subsidence was greatest in areas where the fine-grained sediments are thickest.
Release of natural gas from the aquifer Soon after the mine began to flood, the decline of water levels in the basal aquifer allowed natural gases (hydrogen sulfide and methane) to escape from the depressurized ground water, just as carbon dioxide gas comes out of solution, forming gas bubbles, when a bottle of carbonated soda is first opened. These gases escaped from test wells near the collapse, from some domestic wells along the eastern valley wall, and at land surface from fractures in the bedrock near the northwestern part of the mine. The gases were flared-off (burned) at several wells to reduce the odor and protect the health and safety of nearby residents.
USGS Efforts
The collapse of the Retsof mine has caused major changes in the ground-water-flow system of the Genesee Valley. During the first few weeks of the mine collapse, the USGS provided hydrogeologic expertise to State and local officials as they assessed the immediate consequences. The USGS also assisted in developing a ground-water level monitoring network, collected surface-and boreholegeophysical data to characterize the hydrogeologic framework of the valley, and recently developed a numerical model of groundwater-flow in the aquifer system to simulate drainage of ground water into the mine and the recovery of water levels in the aquifer. The model is based on data supplied by Livingston County, State agencies, consultants, and the local citizens' Technical Assistance Group, as well as that collected by the USGS. The model is being used to delineate areas affected by water-level declines and to estimate the time required for the ground-water system to return to pre-collapse conditions. Model results will also be used to identify the factors that control the rate of drainage and recovery of the aquifer system, and the areas where additional hydrogeologic data are needed to improve the accuracy of the model. 
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